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H{fkdqjhv ri Frvw Lqirupdwlrq
lq wkh Dluolqh Lqgxvwu|1
Rolylhu Dupdqwlhu￿ dqg Rolyhu Ulfkdug|
Vhswhpehu 5333
Devwudfw
Zh dqdo|}h h{fkdqjhv ri frvw lqirupdwlrq lq d pxowlpdunhw prgho zlwk frp0
sohphqw jrrgv1 Zh sursrvh d prgho ri Frxuqrw frpshwlwlrq zlwk hqwu| dqg lq0
frpsohwh lqirupdwlrq rq pdujlqdo frvwv ri surgxfwlrq1 Zh ghyhors dq dojrulwkp
wr vroyh qxphulfdoo| wkh Ed|hvldq Qdvk Htxloleulxp1 Wkh prgho lv dssolhg wr wkh
Dphulfdq Dluolqhv dqg Xqlwhg Dluolqhv gxrsro| dw Fklfdjr R*Kduh1 Zh hvwlpdwh
wkh vwuxfwxudo prgho ri vxsso| ghflvlrqv1 Uhvxowv surylgh suredelolwlhv ri hqwu|/
h{shfwhg txdqwlwlhv/ sulfhv/ dqg sur￿wv rq hdfk pdunhw1 Jlyhq wkh hvwlpdwhg sdud0
phwhuv/ zh vlpxodwh frpshwlwlrq xqghu d k|srwkhwlfdo dooldqfh rq frvwv h{fkdqjhv1
H{shfwhg sur￿wv dqg vrfldo zhoiduh ulvh1 H{shfwhg frqvxphu vxusoxv grhv qrw ydu|
vljql￿fdqwo| ryhudoo dqg dfwxdoo| lqfuhdvhv rq prvw pdunhwv1 Khqfh/ h{fkdqjhv ri
frvwv lqirupdwlrq zrxog ehqh￿w dluolqhv zlwkrxw kxuwlqj frqvxphuv1
Nh|zrugv= Frvw H{fkdqjhv/ Hqwu|/ Lqfrpsohwh Lqirupdwlrq/ Vwuxfwxudo Hvwl0
pdwlrq/ Qhwzrun/ Dluolqh Lqgxvwu|
MHO Fodvvl￿fdwlrqv = O44/ G;5/ F48/ F84/ O<6/ U74
￿ Ghsw ri Hfrqrplfv/ V954 VEV Exloglqj/ VXQ\ Vwrq| Eurrn/ Vwrq| Eurrn Q\/ 44:<71 H0pdlo=
rolylhu1dupdqwlhuCvxq|ve1hgx1
| Vlprq Vfkrro ri Exvlqhvv/ Xqlyhuvlw| ri Urfkhvwhu/ Urfkhvwhu/ Q\ 4795:> H0pdlo=
ulfkdugCvve1urfkhvwhu1hgx41 Lqwurgxfwlrq
Lq wkh sdvw whq |hduv/ wkh dluolqh lqgxvwu| kdv zlwqhvvhg d surolihudwlrq ri pdunhwlqj
dooldqfhv1 Dluolqhv zlwklq dooldqfhv pdunhw dqg vhoo wlfnhwv rq wkhlu sduwqhu*v  ljkwv/ dqg
vkduh uhyhqxhv rq mrlqw  ljkwv1 Wkhvh sudfwlfhv/ nqrzq dv frgh vkdulqj/ uhtxluh h{fkdqjhv
ri lqirupdwlrq rq surgxfwlrq surfhvvhv dqg/ lq sduwlfxodu/ rq frvwv ri surgxfwlrq1 Jlyhq
uhfhqw pdmru dooldqfhv ehwzhhq X1V1 fduulhuv +h1j1 Frqwlqhqwdo Dluolqhv dqg Qruwkzhvw
Dluolqhv/ Dphulfdq Dluolqhv dqg XV Dluzd|v/ erwk lq 4<<;,/ wkh lpsolfdwlrqv ri h{fkdqjhv
ri frvw lqirupdwlrq kdyh ehfrph kljko| uhohydqw1 Lq sduwlfxodu/ srolf| pdnhuv pd|
zrqghu krz vxfk h{fkdqjhv dhfw vrfldo zhoiduh dqg frqvxphu vxusoxv1
Iulhg +4<;7,/ Jdo0Ru +4<;9,/ dqg Vkdslur +4<;9, vwxg| h{fkdqjhv ri frvw lqirupdwlrq
lq vlqjoh0pdunhw prghov ri Frxuqrw frpshwlwlrq zlwk olqhdu ghpdqg1 Wkh| qg wkdw
zkloh h{shfwhg djjuhjdwhg zhoiduh lqfuhdvhv zkhq roljrsrolvw wuxwkixoo| h{fkdqjh frvw
lqirupdwlrq/ h{shfwhg frqvxphu vxusoxv lv orzhu1 Dupdqwlhu ) Ulfkdug +5333, vkrz wkdw
wklv uhvxow grhv qrw qhfhvvdulo| krog lq pxowl0pdunhw vhwwlqjv1 Qdpho|/ erwk h{shfwhg
vrfldo zhoiduh dqg frqvxphu vxusoxv fdq eh kljkhu zkhq upv wuxwkixoo| h{fkdqjh frvw
lqirupdwlrq1 Wklv lvvxh lv ri vljqlfdqfh vlqfh frxuwv lq dqwlwuxvw fdvhv wudglwlrqdoo|
frqvlghu frqvxphu vxusoxv dv wkh ghflglqj idfwru1 Lq wkh dluolqh lqgxvwu| zkhuh upv
frpshwh dfurvv pxowlsoh pdunhwv/ wkh txhvwlrq uhpdlqv dv wr wkh hhfwv ri h{fkdqjhv
ri frvw lqirupdwlrq rq frqvxphu vxusoxv dqg vrfldo zhoiduh1 Lq wkh suhvhqw sdshu/ zh
hvwlpdwh dq hpslulfdo prgho dqg uxq vrph vlpxodwlrqv wr dqvzhu wklv txhvwlrq1
Wkh hpslulfdo prghov lq wkh dluolqh olwhudwxuh dqdo|}h ghflvlrqv rq d vlqjoh0pdunhw
edvlv +jlyhq ghflvlrqv dfurvv doo rwkhu pdunhwv, dqg xqghu frpsohwh lqirupdwlrq +Uhlvv
) Vsloohu +4<;<,/ Ehuu| +4<<5,/ Ehuu|/ Fduqdoo ) Vsloohu +4<<8,/ Ulfkdug +5333,,1 Erwk
k|srwkhvhv duh hpslulfdoo| txhvwlrqdeoh dv upv uduho| revhuyh dffxudwho| wkhlu ulydov*
frvwv/ dqg hqwu| +ru surgxfwlrq, rq d pdunhw w|slfdoo| dhfwv wkh vwdwh ri rwkhu pdunhwv
zlwklq wkh qhwzrun1 Zh frqvlghu d pruh uhdolvwlf hpslulfdo iudphzrun zlwk hqwu| rq
lqwhughshqghqw pdunhwv dqg lqfrpsohwh lqirupdwlrq1 Wklv prgho doorzv iru wkh dqdo|vlv
ri h{fkdqjhv ri frvw lqirupdwlrq1
5Qdpho|/ zh sursrvh d vwdwlf prgho ri vlpxowdqhrxv hqwu| ghflvlrqv iru  v|pphwulf
upv dfurvv  pdunhwv1 Jrrgv duh frpsohphqwv dfurvv pdunhwv dqg/ wkxv/ d up*v
uhyhqxhv rq d pdunhw duh d ixqfwlrq ri ghflvlrqv dfurvv doo rwkhu pdunhwv1 Ghpdqg
ixqfwlrqv duh frpprq nqrzohgjh dqg h{rjhqrxvo| ghwhuplqhg zlwk uhvshfw wr upv*
ghflvlrqv1 Pdujlqdo frvw duh dvvxphg wr eh udqgrp sulydwh vljqdov +nqrzq wr wkh up
exw qrw lwv rssrqhqwv, gudzq iurp d mrlqw glvwulexwlrq zklfk lv frpprq nqrzohgjh1
Ilupv ghflgh vlpxowdqhrxvo| zkhwkhu wr hqwhu dqg krz pxfk wr surgxfh rq hdfk ri wkh
 pdunhwv/ edvhg xsrq wkhlu frvw yhfwru dqg wkh glvwulexwlrq ri frvwv1 Lq sduwlfxodu/ d
up kdv wr frpplw rq txdqwlw| rq d pdunhw zlwkrxw nqrzlqj/ h{0dqwh/ krz pdq| upv
zloo frpshwh rq wkdw pdunhw dqg krz pxfk wkh| zloo surgxfh1 Wklv prgho/ dowkrxjk
vlpsoh/ ghqhv d frpsoh{ rswlpl}dwlrq sureohp1 Lw lv dqdo|wlfdoo| lqwudfwdeoh dqg zh
sursrvh dq dojrulwkp wr ghwhuplqh qxphulfdoo| wkh Ed|hvldq Qdvk Htxloleulxp1
Zh dsso| wkh prgho wr wkh dluolqh lqgxvwu|1 Zh frqvlghu wkh hqwu| dqg surgxfwlrq
ghflvlrqv ri Dphulfdq Dluolqhv +DD, dqg Xqlwhg Dluolqhv +XD, dw Fklfdjr R*Kduh1 Wkh
vdpsoh gdwd/ iurp wkh wklug txduwhu ri 4<<6/ lqfoxghv ;6 pdunhwv zlwk  ljkwv iurp dw
ohdvw rqh ri DD ru XD/ dqg 4: pdmru pdunhwv zlwk qr  ljkwv1 Zh uvw hvwlpdwh wkh
ghpdqg ixqfwlrqv dv wkhvh duh dvvxphg wr eh h{rjhqrxv wr wkh vwuxfwxudo prgho1 Wkhq
zh hvwlpdwh wkh vwuxfwxudo sdudphwhuv ri wkh wkhruhwlf prgho +suhylrxvo| rxwolqhg, zlwk
wkh lqihuhqfh phwkrg sursrvhg e| Ioruhqv hw do1 +4<<:,1 Zh qg dq dyhudjh frvw shu
sdvvhqjhu2ploh ri '314981 Wklv jxuh lv frqvlvwhqw zlwk wudgh sxeolfdwlrqv1 Wkh phwkrg
surylghv dovr suredelolwlhv ri hqwu|/ h{shfwhg txdqwlwlhv ri sdvvhqjhuv/ sulfhv/ dqg surwv1
Rxu vlpsoh prgho |lhogv uhvxowv wkdw forvho| pdwfk revhuyhg ydoxhv1
Ilqdoo|/ zh dvvxph wkdw DD dqg XD irup dq k|srwkhwlfdo dooldqfh xqghu zklfk wkh|
uhyhdo frvw lqirupdwlrq wr hdfk rwkhu1 Lq wklv vfhqdulr/ wkh wzr dluolqhv frpshwh xqghu
frpsohwh lqirupdwlrq1 Xvlqj wkh hvwlpdwhg glvwulexwlrq ri pdujlqdo frvwv/ zh vlpxodwh
dqg frpsduh wkh dluolqhv* htxloleulxp ghflvlrqv xqghu erwk lqirupdwlrq uhjlphv +l1h1/
lqfrpsohwh dqg frpsohwh lqirupdwlrq,1 Dv h{shfwhg/ wkh uhvxowv vkrz wkdw h{shfwhg
surwv lqfuhdvh rq hyhu| pdunhw zkhq DD dqg XD fkrrvh wr wuxwkixoo| h{fkdqjh frvw
lqirupdwlrq1 Lqwhuhvwlqjo|/ vxfk h{fkdqjhv ohdyh h{shfwhg frqvxphu vxusoxv hvvhqwldoo|
6xqfkdqjhg dqg frqvxphuv duh dfwxdoo| ehwwhu r rq d pdmrulw| ri pdunhwv +8:(,1
Wkh sdshu lv vwuxfwxuhg dv iroorzv1 Vhfwlrq 5 lqwurgxfhv wkh wkhruhwlf prgho1 Zh
sursrvh dq dojrulwkp wr vroyh wkh Ed|hvldq Qdvk Htxloleulxp lq vhfwlrq 61 Vhfwlrq 7
glvfxvvhv wkh dssolfdwlrq wr wkh dluolqh lqgxvwu|1 Wkh vwuxfwxudo hvwlpdwlrq phwkrg dqg
wkh uhvxowv duh suhvhqwhg lq vhfwlrq 81 H{fkdqjhv ri frvw lqirupdwlrq duh dqdo|}hg lq
vhfwlrq 91 Vhfwlrq : frqfoxghv1
51 D Prgho ri Ilupv* Ghflvlrqv
Wkhuh duh  v|pphwulf upv + ' cc,d q g pdunhwv +6 ' cc,1 Ilupv ghflgh
vlpxowdqhrxvo| zkhwkhu wr hqwhu dqg krz pxfk wr surgxfh rq hdfk ri wkh  pdunhwv1
Wkhuh lv lqfrpsohwh lqirupdwlrq rq pdujlqdo frvwv ri surgxfwlrq1 Hdfk up  lv
hqgrzhg zlwk d yhfwru ri sulydwh w|shv S￿ 'E S￿c￿ccS￿c6ccS￿c￿ zkhuh S￿c6 lv up l*v
frqvwdqw pdujlqdo frvw ri surgxfwlrq rq pdunhw 61 Ilupv nqrz wkhlu rzq pdujlqdo
frvwv/ exw wkh| gr qrw revhuyh wkhlu ulydov* S3￿ 'E S￿ccS ￿3￿cS ￿n￿cccS￿ zkhq ghflglqj
xsrq dq rswlpdo vwudwhj| Frvw ydoxhv S￿c6 duh lqghshqghqwo| dqg lghqwlfdoo| glvwulexwhg
+khuhdiwhu l1l1g1, dfurvv upv dqg lqghshqghqwo| glvwulexwhg dfurvv pdunhwv1 Ohw s Emw
ghqrwh wkh suredelolw| ghqvlw| ixqfwlrq +s1g1i1, ri S￿c6 lqgh{hg e| wkh yhfwru w 5? &
Wkh s1g1i1 s E dqg wkh sdudphwhu w duh frpprq nqrzohgjh dprqj upv1 Ilqdoo|/ zh
dvvxph wkdw wkhuh duh qr {hg frvwv ri surgxfwlrq1
Wkh ghpdqg ixqfwlrq rq d pdunhw lv frpprq nqrzohgjh dqg h{rjhqrxvo| ghwhu0
plqhg1 Lw lv olqhdu dqg v|pphwulf dfurvv upv1 Jrrgv rq d pdunhw duh lqlwldoo| +sulru
wr surgxfwlrq rq rwkhu pdunhwv, shufhlyhg e| frqvxphuv dv shuihfw vxevwlwxwhv dfurvv
upv1 Jrrgv dfurvv pdunhwv duh frpsohphqwv1 Wkh sulfh iru d uhsuhvhqwdwlyh fxvwrphu
ri up  rq pdunhw 6/ ￿c6/ lv d qrq0qhjdwlyh ixqfwlrq ri txdqwlw| fkrlfhv dfurvv doo 
pdunhwv=












zkhuh ^￿c6 lv up *v txdqwlw| rq pdunhw 6 dqg k6cq6cb 6c6 duh sdudphwhuv yhuli|lqj
7k6 : fc 6 :q 6  b6 : f Wklv vshflfdwlrq doorzv iru wkh ohyho ri frpsohphqwdulw| wr
glhu dfurvv upv +l1h1/ q6  b61 Qdpho|/ d frqvxphu zkr sxufkdvhv d jrrg iurp d up
pd| kdyh d kljkhu zloolqjqhvv wr sd| iru d glhuhqw jrrg iurp wkh vdph up1 Eudqg
or|dow| ru frpsdwlelolw| sureohpv dfurvv eudqgv pd| h{sodlq wklv ehkdylru14 Khqfh/
frqvxphuv pd| kdyh glhuhqw zloolqjqhvv wr sd| iru jrrgv zklfk zrxog eh frqvlghuhg
shuihfw vxevwlwxwhv li wkhuh zhuh qr frpsohphqwdulwlhv1 Zh dovr dvvxph wkdw up ￿r sulfh
rq d pdunhw 6 lv htxdoo| dhfwhg e| dq lqfuhdvh lq txdqwlw| rq dq| pdunhw 6￿ 9' 6/
hyhq zkhq 6￿ lv d qhz pdunhw15 Zh fdq lqwhusuhw q6 dqg b6 dv wkh dyhudjh lqfuhdvh lq
d frqvxphu*v zloolqjqhvv wr sd| iru jrrg 6 gxh wr rqh pruh xqlw vxssolhg rq d pdunhw
6￿ 9' 61
Jlyhq wkhlu pdujlqdo frvwv/ upv vlpxowdqhrxvo| ghflgh zkhwkhu wr hqwhu dqg krz
pxfk wr surgxfh rq hdfk ri wkh  pdunhwv1 Lq rwkhu zrugv/ jlyhq S￿c up  pd{l0














. dE￿c6  S￿c6^￿c6mwo
vxemhfw wr ^￿c6  f ;6 ' cc +515,
zkhuh )￿ ES￿cw lv up ￿r htxloleulxp vwudwhj| ixqfwlrq1 Zh gr qrw lpsrvh wkdw surwv
qru h{shfwhg surwv duh srvlwlyh rq d jlyhq pdunhw1 Lq wkh vxevhtxhqw vlpxodwlrqv/
upv kdyh srvlwlyh h{shfwhg surwv rq hyhu| pdunhw hyhq li/ vrphwlphv/ wkh| lqfxu
orvvhv1 Zh dovr lpsolflwo| dvvxph qrq0qhjdwlyh sulfhv> wklv dvvxpswlrq lv qrq0elqglqj lq
wkh vlpxodwlrqv1
4Xqolnh Uhjlehdx ) Pdwxwhv +4<;<,/ zh gr qrw dwwhpsw wr prgho wkh vwudwhjlf ghflvlrqv dvvrfldwhg
zlwk eudqg or|dow| ru eudqg frpsdwlelolw|1
5Rxu remhfwlyh lv wr ghyhors wkh vlpsohvw vwuxfwxudo prgho/ zlwk wkh ohdvw dg krf dvvxpswlrqv/ zklfk
surylghv uhdolvwlf uhvxowv1 Wkh olqhdu vshfl￿fdwlrq/ dowkrxjk ryhuo| vlpsolvwlf rq d wkhruhwlfdo ohyho/
surylghv dq h{fhoohqw vwuxfwxudo prgho1 Khqfh/ zh glg qrw lghqwli| d qhhg wr vhohfw d qrqolqhdu/ frqfdyh
vshfl￿fdwlrq e| zklfk wkh h￿hfwv iurp dgglqj rqh xqlw rq p3 9@ p zrxog eh odujhu zkhq p3 l vdq h z
pdunhw1
8Vxevwlwxwlqj +514, lqwr +515,/ zh kdyh wkdw
^
W
















. d^￿c6mwcS￿o  6^￿c6  S￿c6 ^￿c6 +516,
vxemhfw wr ^￿c6  f ;6 ' cc
Vxevhtxhqw wr wkhlu txdqwlw| fkrlfhv/ upv revhuyh wkh uhdol}dwlrqv ri sulfhv dqg surwv
rq hdfk ri wkh  pdunhwv1
61 Frpsxwlqj wkh Ed|hvldq Qdvk Htxloleulxp Vroxwlrq
Wkh Nxkq0Wxfnhu frqglwlrqv iru wkh frqvwudlqhg rswlpl}dwlrq sureohp lq +516, duh=
T￿c6 ' k6 n
￿ [
6￿￿’6









. d^￿c6mwcS￿o  26^￿c6  S￿c6  f
^￿c6T￿c6 'f @?_ ^￿c6  f ;6 ' cc ; ' cc +614,
zkhuh T￿c6 lv wkh sduwldo ghulydwlyh ri +516, zlwk uhvshfw wr ^￿c616
Vlqfh upv duh h{0dqwh v|pphwulf dqg sulydwh vljqdov duh l1l1g1 dfurvv upv/ zh
kdyh wkdw dw wkh htxloleulxp= . d^￿c6mwcS￿o'. d^￿￿c6mwcS￿￿o'. d^6mwo ; 9'  ; 9'












6Wkh rswlpl}dwlrq sureohp lv qrw zhoo0gh￿qhg li wkh qxpehu ri pdunhwv/ P> lv vx!flhqwo| odujh1
Lqghhg/ wkhuh h{lvwv P3 vxfk wkdw ;PAP 3 olp
tl>p$4 Ylp A 3 ;l dqg ;p> l1h1/ wkh pdujlqdo sur￿w rq
dq| pdunhw lv srvlwlyh iru lq￿qlwh txdqwlwlhv1 Zh gr qrw hqfrxqwhu wklv sureohp lq rxu dssolfdwlrq dv
P lv qrw odujh hqrxjk1
9zkhuh b
￿
6 ' b6E  dqg ￿
6 ' 6E  Wkh Nxkq0Wxfnhu frqglwlrqv duh lqyduldqw
wr d shupxwdwlrq ri sod|hu lqglfhv dqg htxloleulxp vwudwhjlhv duh v|pphwulf dfurvv upv=
)￿ Ecw')￿ Ecw')Ecw ; 9'  Zh wkxv irfxv rq wkh ghflvlrqv ri d uhsuhvhqwdwlyh
up 1
Zkhq ^￿c6 'f c wkh Nxkq0Wxfnhu frqglwlrqv uhtxluh wkdw T￿c6  f ru/ htxlydohqwo|/









. d^6￿mwo  
￿
6. d^6mwo +616,
zlwk S￿c36 'E S￿c￿ccS￿c63￿cS ￿c6n￿cccS￿c￿ Ilup  rqo| hqwhuv rq pdunhw 6 li lwv pdujlqdo
frvw S￿c6 lv ehorz S￿c6 ES￿c361 Qrwh wkdw wkh wkuhvkrog ydoxh S￿c6 ES￿c36 lv d ixqfwlrq ri
up ￿r p d u j l q d of r v w vr qh y h u |p d u n h w6￿ 9' 6 Jlyhq wkh prgho*v ghpdqg dqg frvw
ixqfwlrqv duh olqhdu lq txdqwlwlhv/ wkh ydoxh S￿c6 ES￿c36 l vx q l t x h o |g h  q h gr qh d f kp d u n h w
6















6. d^6mwo  S￿c6o UtS￿c6$S￿c6ES￿c36￿￿ ;6 ' c +617,
zkhuh U
iS￿c6$S￿c6ES￿c36j
lv wkh lqglfdwru ixqfwlrq ghqhg dv
Ut%$f￿ '
+
 e? %  f
f J|eore
,
Li zh lqvhuw htxdwlrq +616, lq htxdwlrq +617, zh rewdlq
^￿c6 '
#
S￿c6 ES￿c36  S￿c6
26
$
UtS￿c6$S￿c6ES￿c36￿￿ ;6 ' c +618,















. d^6￿mwo  
￿
6. d^6mwo  S￿c6 ES￿c36 ;6 ' c +619,
Wr ghwhuplqh htxloleulxp txdqwlwlhv/ rqh qhhgv wr vroyh wkh v|vwhp ri htxdwlrqv +619, dqg
wkhq +618,1 Qrwh wkdw +619, ghshqgv xsrq . d^6mwo ;6 ' cc Xqolnh lq d frpsohwh
lqirupdwlrq vhwwlqj/ upv fdqqrw suhglfw wkh h{dfw txdqwlwlhv wkhlu ulydov surgxfh dw
wkh Qdvk vroxwlrq1 Ilupv fdq rqo| uho| xsrq wkhlu ulydov* h{shfwhg txdqwlwlhv/ . d^6mwoc
wr ghwhuplqh wkhlu ehvw vwudwhjlhv1 Krzhyhu/ wkhuh lv qr dqdo|wlfdoo| wudfwdeoh zd| wr
fdofxodwh . d^6mwo Wr ghwhuplqh wkh Qdvk Htxloleulxp/ zh sursrvh wr uhsodfh . d^mwo'
E. d^￿mwocc. d^￿mwo e| d Prqwh Fduor dssur{lpdwlrq e . d^mwo
Wkh qxphulfdo dojrulwkp frqvlvwv lq yh vwhsv1 Iluvw/ jlyhq w/ zh vlpxodwh 7 yhfwruv
ri sulydwh w|shv7 +xvlqj wkh Frpprq Udqgrp Qxpehu whfkqltxh, iru wkh uhsuhvhqwdwlyh
up cih S￿crjr’￿c￿￿￿c71 Vhfrqg/ zh frqvlghu dq lqlwldo ydoxh iru . d^6mwoc vd| 06c rq hdfk
pdunhw1 Wklug/ jlyhq 0 'E 0￿cc0￿ dqg h S￿crc zh vroyh wkh v|vwhp ri htxdwlrqv +619,
wr rewdlq wkh yhfwru iS￿c6cr Eh S￿c36crj6’￿c￿￿￿￿1 Xvlqj wkh vhw ri htxdwlrqv +618,/ zh wkhq
fdofxodwh wkh htxloleulxp txdqwlwlhv ih ^￿c6crj6’￿c￿￿￿￿1 Irxuwk/ zh uhshdw vwhs 6 iru wkh








Iliwk/ jlyhq wkh v|pphwu| ri wkh prgho/ zh frpsduh 06 wr ^￿c6 Li 06 lv d uhdvrqdeoh
dssur{lpdwlrq ri wkh h{shfwhg txdqwlw| . d^6mwoc wkhq lw vkrxog eh forvh wr lwv vlpxodwhg
hpslulfdo frxqwhusduw1 Wkh dssur{lpdwlrq e . d^mwo lv wkhq ghqhg dv





2 ;6 ' c
7Lq sudfwlfh/ zh vhohfw V @ 8333=
;Wkh fdofxodwlrq ri e . d^mwo lv wlph frqvxplqj exw lw lv qrw frpsxwdwlrqdoo| fkdoohqjlqj1
Wr rewdlq wkh dssur{lpdwlrq ri e . d^mwoc zh xvh dq rswlpl}dwlrq whfkqltxh wkdw uhtxluhv
wr vroyh qxphulfdoo| wkh v|vwhp ri htxdwlrqv +619, iru dq| ydoxh ri w dqg iru hdfk ri wkh
7 Prqwh Fduor vlpxodwlrqv1 Wkhvh htxdwlrqv duh olqhdu xs wr dq lqglfdwru ixqfwlrq dqg
wkhuh h{lvw qxphurxv qxphulfdo surfhgxuhv wr vroyh wkhvh v|vwhpv lq d pdwwhu ri vhfrqgv1
Rqfh e . d^6mwo ;6 kdv ehhq ghwhuplqhg/ zh fdq fdofxodwh wkh htxloleulxp txdqwlwlhv
iru d jlyhq frvw yhfwru iS￿c6j6’￿c￿￿￿￿  V|pphwulfdoo|/ zh fdq lqyhuw wkh vwudwhj| ixqfwlrq
dqg fdofxodwh iS￿c6cS￿c6 ES￿c36j6’￿c￿￿￿￿ iru d yhfwru ri revhuyhg htxloleulxp txdqwlwlhv
Wkh hfrqrphwulf whfkqltxh zklfk zh xvh iru wkh dssolfdwlrq wr wkh dluolqh lqgxvwu|
uhtxluhv wkh lqyhuvlrq ri wkh htxloleulxp vwudwhj| +vhh vhfwlrq 8,1
71 Dq Dssolfdwlrq wr wkh Dluolqh Lqgxvwu|
7141 Dphulfdq Dluolqhv dqg Xqlwhg Dluolqhv dw Fklfdjr R*Kduh
Zh ghqh dq dluolqh pdunhw dv d sdlu ri X1V1 dlusruwv zklfk fdq eh olqnhg e| qrqvwrs
 ljkwv +khuhdiwhu  ljkwv,18 Dj r r gr qdp d u n h wl vdv h d wr qd l j k w 1L id wo h d v wd u ps u r 0
gxfhv rq d pdunhw/ wkh pdunhw lv vdlg wr eh dfwlyh1 Zh frqvlghu wkh frpshwlwlrq ehwzhhq
Dphulfdq Dluolqhv +DD, dqg Xqlwhg Dluolqhv +XD, dw Fklfdjr R*Kduh1 Iroorzlqj Uhlvv
) Vsloohu +4<;<, dqg Eudqghu ) ]kdqj +4<<3,/ zh mxvwli| wkh pdlqwdlqhg k|srwkhvhv ri
wkh prgho ghyhorshg lq vhfwlrq 5 e| wkh iroorzlqj idfwv=
+l, Fklfdjr R*Kduh lv d pdmru kxe iru erwk dluolqhv19 E| qdwxuh/ d kxe lv dw wkh
fhqwhu ri d vhoi0frqwdlqhg qhwzrun zlwk ghpdqg frpsohphqwdulwlhv dfurvv pdunhwv +f1i1
Pruulvrq ) Zlqvwrq +4<<8,/ Khqgulfnv/ Slfflrqh ) Wdq +4<<:,,1
+ll, DD dqg XD fdq eh ylhzhg dv v|pphwulf upv1 Wkh| duh pdmru X1V1 fduulhuv
zlwk vlplodu qhwzrun0zlgh frvw vwuxfwxuhv dqg eudqg lpdjhv1 Wkhlu qhwzrun ri dfwlyh
pdunhwv lv frpsdudeoh dw Fklfdjr R*Kduh1
+lll, DD dqg XD duh lq gxrsro| frpshwlwlrq dw R*Kduh1 Wkh| mrlqwo| dffrxqw iru
8Pdunhwv duh dvvxphg wr eh qrq0gluhfwlrqdo1
9Zh frqvlghu wkh h{lvwhqfh ri d kxe dlusruw dw Fklfdjr R*Kduh dv jlyhq1
<;<18( ri sdvvhqjhu hqsodqhphqwv dw R*Kduh dqg/ wrjhwkhu/ wkh| duh suhvhqw rq doo 45:
dfwlyh pdunhwv dw Fklfdjr R*Kduh1 E| frpsdulvrq/ Ghowd Dluolqhv/ wkh wklug odujhvw
dluolqh dw R*Kduh/ kdv rqo| 614( ri sdvvhqjhu hqsodqhphqwv dw R*Kduh dqg rhuv  ljkwv
rq mxvw ; pdunhwv1
+ly, Dluolqhv ghflgh rq wkh qxpehu ri sdvvhqjhuv wkh|  | rq hdfk ri wkh vdpsoh
pdunhwv1 Txdqwlw| vhhpv wr eh wkh dssursuldwh ghflvlrq yduldeoh vlqfh/ lq sudfwlfh/
dluolqhv iuhtxhqwo| dqg doprvw frvwohvvo| prgli| sulfhv1 Qrwh wkdw zh gr qrw prgho
fdsdflw| dqg  ljkw iuhtxhqf| fkrlfhv1
+y, Wkhuh lv lqfrpsohwh lqirupdwlrq rq frvwv1 Dyhudjh frvwv shu sdvvhqjhu shu ploh iru
d jlyhq dluolqh duh dydlodeoh h{0srvw rq d qhwzrun0zlgh edvlv +h1j1/ Wkh Dluolqh Prqlwru
+4<<7,,1 Zkloh DD dqg XD kdyh lqirupdwlrq rq hdfk rwkhu*v ohdvlqj dqg vhuylflqj
frqwudfwv/ ghwdlov ri rshudwlqj frvwv rq d pdunhw uhpdlq sulydwh lqirupdwlrq1
+yl, D vwdwlf dqdo|vlv ri hqwu| vhhpv dssursuldwh iru wklv vdpsoh ri pdunhwv1 Wkh
qxpehu ri Fklfdjr pdunhwv zlwk  ljkwv/ wkh qxpehu ri  ljkwv shu Fklfdjr pdunhw/ dqg
wkh qxpehu ri X1V1 dluolqhv zlwk  ljkwv iurp R*Kduh duh vwdeoh wkurxjk 4<<604<<71
7151 Gdwd
Wkh gdwd frph iurp wkuhh gdwdedvhv= Gdwdedqn 4D/ Gdwdedqn GV W0433/ dqg wkh R!fldo
Dluolqh Jxlgh +RDJ, sxeolfdwlrqv1 Gdwdedqn 4D/ iurp wkh Ghsduwphqw ri Wudqvsruwd0
wlrq +GRW,/ lv d 43( udqgrp vdpsoh ri doo dluolqhv wlfnhwv vrog txduwhuo|1 Lw surylghv
wkh lwlqhudu| dqg wkh sulfh shu ploh iru hdfk sdvvhqjhu1: Zh frqvlghu lwlqhudulhv wkdw
lqfoxgh qrqvwrs  ljkwv ehwzhhq R*Kduh dqg d XV dlusruw dqg  ljkwv frqqhfwlqj wzr XV
dlusruwv zlwk d vwrs dw R*Kduh1 Wr ghwhuplqh ￿c6/ zh pxowlso| wkh plohdjh ri pdunhw
6 zlwk wkh dyhudjh sulfh shu ploh iru doo sdvvhqjhuv  |lqj zlwk dluolqh  rq pdunhw 61
Gdwdedqn GV W0433 surylghv wkh qxpehu ri sdvvhqjhuv shu pdmru dluolqh dqg shu prqwk
rq d pdunhw1
Wkh vdpsoh gdwd iru rxu sdshu duh iurp wkh 6o_ txduwhu ri 4<<61 Wkhuh duh  ' f f
:Iroorzlqj Eruhqvwhlq +4<;<, dqg Kxugoh hw do1 +4<;<,/ zh ￿owhu Gdwdedqn 4D gdwd iru h{fhvvlyh
iduhv +vhh Ulfkdug +5333, iru ghwdlov rq wkh suhsdudwlrq ri wkh sulfh gdwd lq rxu vdpsoh,1
43Fklfdjr pdunhwv lq rxu vdpsoh gdwd +f1i1 Dsshqgl{,1 Hljkw|0wkuhh kdyh  ljkwv iurp dw
ohdvw rqh ri DD ru XD1 Wkh rwkhu 4: duh pdmru pdunhwv zlwkrxw  ljkwv iurp dq| dluolqh1;
Wkh vdpsoh grhv qrw lqfoxgh 77 Fklfdjr pdunhwv zlwk  ljkwv1 Vhyhqwhhq pdunhwv duh
h{foxghg iru odfn ri gdwd1 Wkh uhpdlqlqj 5: h{foxghg pdunhwv duh qrw sduw ri wkh
gxrsro| frpshwlwlrq ryhu wkh kxe qhwzrun iru rqh ri wkh iroorzlqj uhdvrqv= +l, d glhuhqw
dluolqh grplqdwhv wkh pdunhw/ +ll, wkh pdunhw olqnv Fklfdjr wr d kxe dlusruw ri dqrwkhu
frpshwlwru/ +lll, DD dqg XD kdyh glhuhqw qxpehuv ri kxe dlusruwv rq wkh pdunhw1 Wkh
lqfoxvlrq ri wkhvh pdunhwv zrxog uhtxluh wr prgho wkh ryhudoo frpshwlwlrq zlwk hyhu|
srvvleoh dluolqh dqg hyhu| srwhqwldo pdunhw1 Vxfk wdvn lv nqrzq wr eh qh{w wr lpsrvvleoh1
Vxppdu| vwdwlvwlfv ri wkh 433 vdpsoh pdunhwv duh suhvhqwhg lq wdeoh 41
^Wdeoh 4 urxjko| khuh`
7161 Ghpdqg dqg Frvw Vshflfdwlrqv
Wkh ghpdqg ixqfwlrqv duh dvvxphg wr eh nqrzq wr wkh upv dqg h{rjhqrxvo| ghwhu0
plqhg1 Wkhuhiruh/ zh kdyh wr hvwlpdwh wkh ghpdqg ixqfwlrq sulru wr wkh hvwlpdwlrq ri
wkh vwuxfwxudo prgho1 Zh xvh gdwd rq wkh vdpsoh Fklfdjr pdunhwv dfurvv vhyhq frqvhf0
xwlyh txduwhuv= 4|￿ txduwhu 4<<6 wkurxjk 6|￿ txduwhu 4<<71 Wkh lqyhuvh ghpdqg ixqfwlrq
idfhg e| dluolqh  rq d pdunhw 6 lq txduwhu | lv htxdo wr=













zkhuh kfcckScqc duh sdudphwhuv nqrzq wr wkh dluolqhv1 Uu.76 lv wkh plohdjh
ri pdunhw 6c U6 dqg  6 duh/ uhvshfwlyho|/ wkh phgldq krxvhkrog lqfrph dqg
wkh srsxodwlrq iru wkh phwursrolwdq duhd sdluhg wr Fklfdjr rq pdunhw 61 (6 lv d
gxpp| yduldeoh htxdo wr 4 li wkdw phwursrolwdq duhd kdv pruh wkdq 5/933/333 lqkdelwdqwv
+vrxufh= 4<<3 Fhqvxv gdwd,1 'A-| lv DD dqg XD*v dyhudjh qxpehu ri sdvvhqjhuv lq
;Dp d u n h w lv vdlg wr eh d pdmru pdunhw li erwk phwursrolwdq duhdv duh odujhu wkdq 683/333 lqkdelwdqwv1
44txduwhu | rq X1V1 pdunhwv +rwkhu wkdq wkh 433 pdunhwv lq rxu vdpsoh, dfwlyh gxulqj doo
vhyhq txduwhuv1
Wkh wkhruhwlf prgho lv vhtxhqwldo vlqfh upv fkrrvh txdqwlwlhv dqg wkhq revhuyh
uhdol}hg sulfhv1 Wkhuhiruh/ wkhuh lv qr hqgrjhqhlw| sureohp ehwzhhq sulfhv dqg txdqwlwlhv1
Wr doorz iru fruuhodwlrqv ehwzhhq xqrevhuydeoh yduldeohv rq gxrsro| pdunhwv/ zh xvh wkh
Ihdvleoh Jhqhudol}hg OhdvwVtxduhv phwkrg1 D suholplqdu| hvwlpdwlrq ri +714, uhyhdov
wkdw b +wkh ohyho ri frpsohphqwdulw| dfurvv upv, lv lqvljqlfdqw +dw d 8( ohyho,1 Wklv
uhvxow lv frqvlvwhqw zlwk Pruulvrq dqg Zlqvwrq +4<<8, zkr qg wkdw/ e| 4<<7/ ohvv wkdq
4( ri doo sdvvhqjhuv vzlwfk dluolqhv lq wkhlu sdwk ri wudyho1 Zh uh0hvwlpdwh wkh lqyhuvh
ghpdqg ixqfwlrq xqghu wkh frqvwudlqw wkdw b 'f 1 Uhvxowv duh suhvhqwhg lq Wdeoh 51
Ilupv* rswlpdo vwudwhj| duh vxevhtxhqwo| ghulyhg xvlqj wklv hvwlpdwhg ghpdqg ixqfwlrq1
^Wdeoh 5 urxjko| khuh`
DD dqg XD kdyh orqj0whup ohdvhv rq wkhlu idflolwlhv dw R*Kduh dqg zh frqvlghu {hg
dlusruw frvwv +l1h1/ dgplqlvwudwlyh frvwv/ frvwv ri ohdvlqj idflolwlhv dqg jurxqg htxlsphqw,
dv vxqn sulru wr wkh vdpsoh shulrg1 Iroorzlqj Eudqghu ) ]kdqj +4<<3, dqg Khqgulfnv/
Slfflrqh ) Wdq +4<<:,/ zh dvvxph wkdw pdujlqdo rshudwlqj frvwv shu sdvvhqjhu rq d
pdunhw duh frqvwdqw1 Zh ghqh wkh pdujlqdo frvw ri dluolqh  rq pdunhw 6 dv S￿c6 '
SR6￿c6Uu.76 zkhuh SR6￿c6 lv wkh frvw shu sdvvhqjhu shu ploh1< SR6￿c6 lv dvvxphg
wr eh orj0qrupdoo| glvwulexwhg rq ofc4d zlwk phdq >6 ' >f>￿Uu.76 dqg vwdqgdug
ghyldwlrq j Wkh phdq ri SR6￿c6 lv nqrzq wr ghfolqh zlwk wkh plohdjh dv prvw frvwv duh
lqfxuuhg gxulqj wdnh0r +f1i1 Eudqghu ) ]kdqj +4<<3,,1 Wkh glvwulexwlrq ri wkh sulydwh
w|shv SR6￿c6 lv hvwlpdwhg lq wkh iroorzlqj vhfwlrq zlwk wkh vwuxfwxudo hfrqrphwulf prgho1
<Zkloh wkhuh lv vrph hylghqfh ri hfrqrplhv ri ghqvlw| lq wkh dluolqh lqgxvwu| +f1i1 Fdyhv/ Fkulvwhqvhq
) Wuhwkhzd| +4<;7,/ Euxhfnqhu ) Vsloohu +4<<7,,/ zh irxqg qr vljql￿fdqw uhodwlrq ehwzhhq pdujlqdo
frvwv dqg txdqwlwlhv lq rxu vdpsoh +vhh vhfwlrq 815,1
4581 Hvwlpdwlrq ri wkh Vwuxfwxudo Prgho ri Ilupv* Ghflvlrqv
8141 Lqihuhqfh Phwkrg
Wkh hvwlpdwlrq ri wkh glvwulexwlrq ri sulydwh frvwv uhtxluhv qrq vwdqgdug hfrqrphwulf
whfkqltxhv1 Lqghhg/ lq prghov ri lqfrpsohwh lqirupdwlrq/ xqrevhuyhg sulydwh w|shv duh
wudqviruphg lqwr revhuyhg dfwlrqv e| phdqv ri vwudwhjlhv zklfk ghshqg xsrq wkh xqghu0
o|lqj glvwulexwlrq ri wkh w|shv1 Wklv fuhdwhv dq lghqwlfdwlrq sureohp lq wkdw zh fdqqrw
mrlqwo| hvwlpdwh wkh ixqfwlrqdo irup ri sod|huv* vwudwhjlhv dqg wkh glvwulexwlrq ri w|shv
iurp wkh vroh revhuydwlrq ri dfwlrqv1 Zh vroyh wklv lghqwlfdwlrq sureohp e| lpsrvlqj
wkdw vwudwhjlhv duh Qdvk Htxloleulxp vroxwlrqv ri wkh prgho1
Zh wkhq hvwlpdwh wkh glvwulexwlrq ri xqrevhuyhg w|shv xvlqj wkh jhqhulf hvwlpdwlrq
sulqflsoh sursrvhg e| Ioruhqv hw do1 +4<<:,143 Zlwklq wklv hvwlpdwlrq iudphzrun/ rqh
lqlwldoo| vhohfwv dq *xqihdvleoh* hvwlpdwru h wES/ zkhuhe| rqh frxog hvwlpdwh w li wkh frvw
yhfwruv iru doo upv rq doo pdunhwv/ S 'E S￿cS￿ccS￿c zhuh nqrzq1 Wkh fruuhvsrqglqj
*ihdvleoh* hvwlpdwru
￿
e wE^c e SE^
￿
ri EwcS +zkhuh ^ 'E ^￿c^￿cc^￿ lv ghqhg dv wkh
{hg srlqw vroxwlrq wr










lv wkh lqyhuvh vwudwhj| ixqfwlrq fdofxodwhg xvlqj wkh dojrulwkp lq
vhfwlrq 6144 Lq sudfwlfh/ wkh frpsxwdwlrq ri wklv {hg srlqw vroxwlrq qhfhvvlwdwhv lwhudwlqj
ehwzhhq wkh wzr htxdwlrqv lq +814, xqwlo frqyhujhqfh rewdlqv +vhh Dupdqwlhu ) Ulfkdug
+4<<;, iru dgglwlrqdo qxphulfdo frqvlghudwlrqv,1 Wkh xqihdvleoh hvwlpdwru lv jlyhq e|
43Wkh dojrulwkp wr ghwhuplqh qxphulfdoo| wkh Qdvk Htxloleulxp uhtxluhv wr vlpxodwh wkh ￿uvw pr0
phqw ri wkh txdqwlw| surgxfhg rq hdfk pdunhw1 Wklv vxjjhvwv wr hvwlpdwh wkh xqghuo|lqj vwuxfwxudo
sdudphwhuv zlwk wkh phwkrg ri vlpxodwhg prphqwv1 Krzhyhu/ wkh rswlpdo zhljkwlqj pdwul{ zdv txlwh
wlph frqvxplqj wr fdofxodwh dqg zh rswhg iru wkh Ioruhqv dqg do1 +4<<:, whfkqltxh1
44Frqglwlrqv iru wkh orfdo lghqwl￿fdwlrq ri ￿ iurp wkh vroh revhuydwlrq ri t dqg iru wkh h{lvwhqfh dqg
+orfdo, xqlflw| ri d ￿{hg mrlqw vroxwlrq duh irxqg lq Ioruhqv hw do1 +4<<:,/ wrjhwkhu zlwk fkdudfwhul}dwlrqv
ri wkh dv|pswrwlf glvwulexwlrqv ri e ￿ dqg e f1
46wkh fhqvruhg Pd{lpxp Olnholkrrg hvwlpdwru=













zkhuh w 'E >fc> ￿cj 5?  ofc4d2/ SR6￿c6 ' S￿c6*Uu.76/ g SR6￿c6 E^'e S￿c6E^*Uu.76/
dqg s E dqg 8 E duh/ uhvshfwlyho|/ wkh orj0qrupdo suredelolw| ghqvlw| ixqfwlrq dqg fx0
pxodwlyh glvwulexwlrq1
Frpsxwlqj lv ri wkh rughu ri 5:7 plqxwhv ri FSX wlph rq d uhfhqw VXQ zrunvwdwlrq1
Vwdqgdug ghyldwlrqv iru wkh hvwlpdwhv duh frpsxwhg zlwk d Prqwh Fduor vlpxodwlrq ri
vl}h 83331
8151 Hvwlpdwlrq Uhvxowv
Wkh hvwlpdwhv iru wkh sdudphwhuv ri wkh frvw glvwulexwlrq duh e w 'E f >fc f >￿c e j'+3154:/
91;8H433D/ 513;7, zlwk d vwdqgdug ghyldwlrq ri +61<7H4332/9143H433S/;165H433e, Wklv
fruuhvsrqgv wr dq djjuhjdwh dyhudjh frvw shu sdvvhqjhu2ploh ri '31498 zlwk d vwdqgdug
ghyldwlrq ri '313761 Lw lv gl!fxow wr qg ehqfkpdunv wr frpsduh wkh hvwlpdwhg dyhu0
djh frvw shu sdvvhqjhu2ploh rq d pdunhw edvlv> krzhyhu/ '31498 dsshduv frqvlvwhqw zlwk
qhwzrun0zlgh dyhudjhv +f1i1 Wkh Dluolqh Prqlwru +4<<7,,1 Qrwh wkdw wkh vwdqgdug gh0
yldwlrq ri SR6￿c6 lv qrq0qhjoljhdeoh1 Wklv lqglfdwhv wkdw qhwzrun0zlgh dyhudjhv duh dq
lpshuihfw phdvxuh ri wkh pdujlqdo frvw rq d jlyhq pdunhw1 Wklv qglqj uhlqirufhv rxu
dvvxpswlrq ri lqfrpsohwh lqirupdwlrq dw wkh pdunhw ohyho1
Wkh vlpxodwlrqv zlwklq wkh dojrulwkp surylgh/ iru hdfk pdunhw/ h{shfwhg txdqwlwlhv/
sulfhv/ surwv dqg wkh suredelolw| wkdw d up hqwhuv +vhh wdeoh 6,145 Wkh hvwlpdwhg
suredelolwlhv ri hqwu| duh frqvlvwhqw zlwk wkh revhuyhg qxpehu ri dfwlyh upv rq d vdp0
soh pdunhw1 Qdpho|/ wkh dyhudjh suredelolw| wkdw d up hqwhuv d pdunhw lv htxdo wr
31;7 dfurvv pdunhwv lq gxrsro| lq rxu vdpsoh/ 3199 dfurvv vdpsoh pdunhwv lq prqrsro|/
dqg 3169 dfurvv lqdfwlyh vdpsoh pdunhwv1 Hvwlpdwhg txdqwlwlhv dqg sulfhv w zhoo wkh
45Ghwdlohg uhvxowv duh dydlodeoh xsrq uhtxhvw1
47revhuydwlrqv dqg duh zhoo zlwklq rqh vwdqgdug ghyldwlrq ri revhuyhg ydoxhv1 Wkh gli0
ihuhqfh ehwzhhq revhuyhg txdqwlwlhv +sulfhv, dqg hvwlpdwhg h{shfwhg txdqwlwlhv +sulfhv,
lv 071:( +417(, dfurvv vdpsoh pdunhwv lq gxrsro|/ 09( +031:(, dfurvv vdpsoh pdunhwv
lq prqrsro|/ dqg 0818( +316(, ryhudoo1 Frqglwlrqdo xsrq revhuyhg hqwu| ghflvlrqv/ zh
hvwlpdwh wkdw DD hduqhg h{shfwhg surwv ri '67/453/<3:/ zkloh XD hduqhg '76/;<:/737/
gxulqj wkh vdpsoh shulrg1 Qrwh wkdw wkhvh jxuhv gr qrw lqfoxgh doo {hg frvwv dvvxphg
vxqn sulru wr wkh vdpsoh shulrg1 Ilqdoo|/ d uhjuhvvlrq lqglfdwhv wkdw h{shfwhg txdqwlwlhv
gr qrw kdyh d vljqlfdqw hhfw rq hvwlpdwhg pdujlqdo frvwv +wkh s0ydoxh@318;,1 Wklv
uhvxow frqupv wkdw wkhuh duh qr hfrqrplhv ri ghqvlw| rq rxu vdpsoh pdunhwv1
^Wdeoh 6 urxjko| khuh`
91 H{fkdqjhv ri Frvw Lqirupdwlrq lq Dluolqh Dooldqfhv
Iulhg +4<;7,/ Jdo0Ru +4<;9,/ dqg Vkdslur +4<;9, +khuhdiwhu IJV, dqdo|}h h{fkdqjhv ri
frvw lqirupdwlrq lq vlqjoh0pdunhw prghov ri Frxuqrw frpshwlwlrq zlwk olqhdu ghpdqg dqg
lqfrpsohwh lqirupdwlrq rq wkh frqvwdqw pdujlqdo frvwv ri surgxfwlrq1 Wkh| qg wkdw
h{shfwhg surwv dqg zhoiduh lqfuhdvh zkhq roljrsrolvw fkrrvh wr wuxwkixoo| h{fkdqjh
frvw lqirupdwlrq1 H{fkdqjhv lqfuhdvh h!flhqf| e| udlvlqj wkh pdunhw vkduhv ri orzhu
frvw upv dqg uhgxflqj wkh yduldelolw| ri djjuhjdwhg rxwsxw1 Krzhyhu/ wkh uhgxfwlrq
ri rxwsxw yrodwlolw| ghfuhdvhv h{shfwhg frqvxphu vxusoxv vlqfh wkh odwwhu lv d frqyh{
ixqfwlrq ri rxwsxw1
Dupdqwlhu ) Ulfkdug +5333, vkrz wkdw wklv odwwhu uhvxow qhhg qrw krog lq pxowl0
pdunhw prghov zlwk hqwu| dqg frpsohphqwdulwlhv dfurvv pdunhwv1 Frpsohphqwdulwlhv
dhfw erwk wkh hqwu| dqg surgxfwlrq ghflvlrqv1 Zkhq frpsohphqwdulwlhv duh odujh
hqrxjk/ wkhvh fkdqjhv pd| |lhog juhdwhu h{shfwhg frqvxphu vxusoxv zkhq upv fkrrvh
wr wuxwkixoo| h{fkdqjh frvw lqirupdwlrq1 Wkh dxwkruv dovr qg wkdw frqvxphuv rq vpdoohu
pdunhwv whqg wr ehqhw pruh1
Iroorzlqj Vkdslur +4<;9, zh dvvxph wkdw/ ehiruh revhuylqj wkhlu rzq frvw yhfwru/
48upv hqwhu lq dq djuhhphqw wr h{fkdqjh frvw lqirupdwlrq146 Xqghu wklv djuhhphqw/ upv
wuxwkixoo| uhyhdo wr hdfk rwkhu wkhlu frvwv yhfwru S￿ dqg wkhq frpshwh lq frpsohwh lq0
irupdwlrq e| vhohfwlqj dq rxwsxw ohyho iru hdfk ri wkh  pdunhwv1 Iroorzlqj IJV/ zh
dvvxph wkdw upv fdq wudqvihu dqg yhuli| hdfk rwkhu*v uhsruwv dw qr frvw1 Doo suhylrxv
dvvxpswlrqv uhjduglqj ghpdqg dqg frvwv duh pdlqwdlqhg1 Wkh Qdvk Htxloleulxp xqghu
frpsohwh lqirupdwlrq rewdlqv qxphulfdoo| iurp wkh uvw0rughu frqglwlrqv1 Zh vlpxodwh
frpshwlwlrq xqghu wkh djuhhphqw ryhu wkh 433 vdpsoh pdunhwv wr hvwlpdwh h{shfwhg
surwv dqg frqvxphu vxusoxv1 Sulydwh vljqdov duh vlpxodwhg iurp wkh glvwulexwlrq hvwl0
pdwhg lq vhfwlrq 8151 Vlpxodwlrqv uhvxowv duh vxppdul}hg lq wdeoh 7 dqg frpsduhg wr
wkrvh lq wdeoh 61
^Wdeoh 7 urxjko| khuh`
Wkh suredelolw| wkdw d pdunhw lv dfwlyh lv odujhu xqghu frpsohwh lqirupdwlrq1 Pdu0
nhwv zlwk d orz suredelolw| ri hqwu| xqghu lqfrpsohwh lqirupdwlrq vhh wkh odujhvw uhodwlyh
lqfuhdvhv1 Pdunhwv duh pruh olnho| wr eh lq prqrsro| dqg ohvv olnho| wr eh lq gxrsro|
xqghu frpsohwh lqirupdwlrq1 H{shfwhg surwv duh odujhu rq hyhu| pdunhw xqghu frpsohwh
lqirupdwlrq +h{shfwhg djjuhjdwhg surwv lqfuhdvh e| 6<(,1 Khqfh/ upv vkrxog hqwhu
lq dq djuhhphqw wr h{fkdqjh frvw lqirupdwlrq1 H{shfwhg djjuhjdwhg frqvxphu vxusoxv
ghfuhdvhv e| rqo| 3139( xqghu frpsohwh lqirupdwlrq1 Krzhyhu/ li zh gr qrw dffrxqw iru
wkh odujhvw pdunhw +Fklfdjr wr Zdvklqjwrq Uhdjdq Qdwlrqdo zlwk dq h{shfwhg txdqwlw|
shu up ri 43;/843,/ h{shfwhg frqvxphu vxusoxv lqfuhdvhv e| 91<( xqghu frpsohwh lq0
irupdwlrq1 Ehvlghv/ frqvxphu vxusoxv lv odujhu rq prvw pdunhwv +8:(, xqghu frpsohwh
lqirupdwlrq1 Frqvxphuv rq vpdoo pdunhwv +l1h1/ pdunhwv zlwk orz h{shfwhg txdqwlwlhv,
ehqhw wkh prvw vlqfh wkhvh pdunhwv duh dfwlyh pruh riwhq1 Khqfh/ h{fkdqjhv ri frvw lq0
irupdwlrq lpsuryh h{shfwhg surwv dqg dfwxdoo| lqfuhdvh frqvxphu vxusoxv rq d pdmrulw|
ri pdunhwv1
46Wklv djuhhphqw lv sxuho| k|srwkhwlfdo dqg zh duh qrw dzduh ri dq| sodqv e| DD dqg XD wr irup d
pdunhwlqj dooldqfh rq wkh X1V1 pdunhw1
49:1 Frqfoxvlrq
Wdeohv
Wdeoh 41 Ghvfulswlyh Vdpsoh Vwdwlvwlfv
State of the Market
Monopoly Duopoly Active Overall
(only 1 firm enters) (2 firms enter) (at least 1 firm enters) (with non-entry)
Number of Markets 43 40 83 100
Average Quantity per Firm  17366.67 33969.15 25367.86 21055.33
(8809.43) (22066.86) (18466.34) (19343.43)
Average Price 123.35 127.91 125.55 .
(52.44) (65.19) (58.61)
Average Mileage of Markets 652.233 698.17 674.37 715.28
(433.42) (556.02) (493.76) (493.73)
Qrwh= Phdq ydoxhv duh olvwhg zlwk vwdqgdug ghyldwlrqv lq sduhqwkhvhv1
Wdeoh 51 Hvwlpdwhv iru wkh Ghpdqg Vshfl￿fdwlrq￿
Variable Constant INC POP ln(POP) MILES
Parameter a  a 0 a  a 1 a  a 2 a  a 3 a  a 4
Estimate -34.21 1.72E10-3 1.03E10-5 9.66 0.109
(Std error) (25.98) (2.15E10-4)* (1.75E10-6)* (1.73)* (1.90E10-3)*
Variable DPOP QTR
Parameter a  a 5 a  a 6 b b g g
Estimate 37.30 -2.28E10-3 3.05E10-6 -6.47E10-4
(Std error) (7.97)* (3.60E-4)* (1.23E-6)* (5.19E-5)*
R-square value: 0.896  (Greene (1997)).
- ghqrwhv vljql￿fdqfh dw d 8( ohyho1
4:Wdeoh 61 Vlpxodwlrq Uhvxowv iru Frpshwlwlrq Xqghu Lqfrpsohwh Lqirupdwlrq rq Pdujlqdo Frvwv1
State of the Market
Monopoly Duopoly Active Overall
(only 1 firm enters) (2 firms enter) (at least 1 firm enters) (with non-entry)
Probability of 0.28 0.54 0.82
(0.20) (0.37) (0.29)
Expected Quantity per Firm  28050 28031 28038 19161
(20938) (20902) (20918) (18250)
Expected price 134.14 120.17 123.65 .
(61.71) (56.58) (58.61)
Expected Profit per Firm 801348 389471 488019 353311
(1202672) (582153) (659507) (532420)
Expected Consumer Surplus 1048235
(2521641)
Qrwh= Phdq ydoxhv duh olvwhg zlwk vwdqgdug ghyldwlrqv lq sduhqwkhvhv1
Wdeoh 71 Vlpxodwlrq Uhvxowv iru Frpshwlwlrq Xqghu Frpsohwh Lqirupdwlrq1
State of the Market
Monopoly Duopoly Active Overall
(only 1 firm enters) (2 firms enter) (at least 1 firm enters)(with non-entry)
Probability of 0.50 0.45 0.95
(0.24) (0.32) (0.21)
Expected Quantity per Firm  42262 25140 33693 22226
(27655) (19874) (24657) (16535)
Expected price 129.70 125.86 127.16 .
(60.29) (57.96) (58.26)
Expected Profit per Firm 1313348 570149 820316 582527
(1606157) (823149) (1041073) (763672)
Expected Consumer Surplus 1047632
(1991809)
Qrwh= Phdq ydoxhv duh olvwhg zlwk vwdqgdug ghyldwlrqv lq sduhqwkhvhv1
4;Uhihuhqfhv
 Wkh Dluolqh Prqlwru1 Mxqh 4<<71 Dq DYPDUN Lqf1 txduwhuo| sxeolfdwlrq11
 DUPDQWLHU/ R1 dqg ULFKDUG/ M0I1 +4<<:,1 Lqihuhqfh dqg Frqvwudlqhg Htxl0
oleulxp lq Jdph Wkhruhwlf Prghov= Qxphulfdo Dvshfwv/ lqylwhg e| wkh Mrxuqdo
ri Frpsxwdwlrqdo Hfrqrplfv iru d vshfldo lvvxh edvhg rq wkh 4<<: Frqihuhqfh rq
Frpsxwlqj lq Hfrqrplfv dqg Ilqdqfh1
 DUPDQWLHU/ R1 DQG ULFKDUG/ R1 +5333,1 Fdq Frqvxphuv Ehqhw iurp
H{fkdqjhv ri LqirupdwlrqB1 Plphr1 Xqlyhuvlw| ri Urfkhvwhu1
 EUDQGHU/ M1 dqg ]KDQJ/ D1 +4<<3,1 Pdunhw Frqgxfw lq wkh Dluolqh Lqgxvwu|=
Dq Hpslulfdo Lqyhvwljdwlrq1 UDQG Mrxuqdo ri Hfrqrplfv1 Yro1 54/ ss1 89:08;61
 EUDQGHU/ M1 dqg ]KDQJ/ D1 +4<<5,1 G|qdplf Roljrsro| Ehkdylrxu lq wkh
Dluolqh Lqgxvwu|1 Plphr1 Xqlyhuvlw| ri Eulwlvk Froxpeld1
 EHUU\/ V1 +4<<5,1 Hvwlpdwlrq ri d Prgho ri Hqwu| lq wkh Dluolqh Lqgxvwu|1
Hfrqrphwulfd1 Yro1 93/ ss1 ;;<0<4:1
 ERUHQVWHLQ/ V1 +4<;<,1 Kxev dqg Kljk Iduhv= Grplqdqfh dqg Pdunhw Srzhu
lq wkh X1V1 Dluolqh Lqgxvwu|1 UDQG Mrxuqdo ri Hfrqrplfv1 Yro1 53/ ss1 67706971
 EUHVQDKDQ/ W1 dqg UHLVV/ S1 +4<<3,1 Hqwu| lq Prqrsro| Pdunhwv1 Uhylhz
ri Hfrqrplf Vwxglhv1 Yro1 8:/ ss1 86408861
 EUXHFNQHU/ M1 dqg VSLOOHU/ S1 +4<<7,1 Hfrqrplhv ri Wud!f Ghqvlw| lq
wkh Ghuhjxodwhg Dluolqh Lqgxvwu|1 Mrxuqdo ri Odz dqg Hfrqrplfv1 Yro1 6:/ ss1
6:<07481
 FDYHV/ G1/ FKULVWHQVHQ O1 dqg WUHWKHZD\/ P1 +4<;7,1 Hfrqrplhv ri
Ghqvlw| yhuvxv Hfrqrplhv ri Vfdoh= Zk| Wuxqn dqg Orfdo Vhuylfh Dluolqh Frvwv
Glhu1 UDQG Mrxuqdo ri Hfrqrplfv1 Yro 481 ss1 7:407;<1
4< IORUHQV/ M0S1/ SURWRSRSHVFX F1 dqg ULFKDUG/ M0I1 +4<<:,1 Lqihuhqfh
lq d Fodvv ri Jdph Wkhruhwlf Prghov1 Plphr1 Xqlyhuvlw| ri Slwwvexujk1
 IULHG/ G1 +4<;7,1 Lqfhqwlyhv iru Lqirupdwlrq Surgxfwlrq dqg Glvforvxuh lq d
Gxrsrolvlwf Hqylurqphqw1 Txduwhuo| Mrxuqdo ri Hfrqrplfv1 Pd|/ ss1 69:06;41
 JDO0RU/ H1 +4<;9,1 Lqirupdwlrq Wudqvplvvlrq 0 Frxuqrw dqg Ehuwudqg Htxlole0
uld1 Uhylhz ri Hfrqrplf Vwxglhv1 Yro1 86/ ss1 ;80<51
 JHOIDQG/ P1 dqg VSLOOHU/ S1 +4<;:,1 Hqwu| Eduulhuv dqg Pxowlsurgxfw
Roljrsrolhv= Gr Wkh| Iruhehdu ru VsrloB1 Lqwhuqdwlrqdo Mrxuqdo ri Lqgxvwuldo
Rujdql}dwlrq1 Yro1 8/ ss1 43404461
 JUHHQH/ Z1 +4<<:,1 Hfrqrphwulf Dqdo|vlv1 Suhqwlfh Kdoo1 Qhz Mhuvh|1
 KHQGULFNV/ N1/ SLFFLRQH/ P1 dqg JXRIR/ W1 +4<<:,1 Hqwu| dqg H{lw lq
Kxe0Vsrnh Qhwzrunv1 UDQG Mrxuqdo ri Hfrqrplfv1 Yro1 5;/ ss1 5<406361
 KXUGOH/ J1/ MRKQVRQ/ U1/ MRVNRZ/ D1/ ZHUGHQ/ J1 dqg ZLOOLDPV/ P1
+4<;<,1 Frqfhqwudwlrq/ Srwhqwldo Hqwu|/ dqg Shuirupdqfh lq wkh Dluolqh Lqgxvwu|1
Mrxuqdo ri Lqgxvwuldo Hfrqrplfv1 Yro1 6;1 ss1 44<046<1
 PRUULVRQ/ V1 dqg ZLQVWRQ/ F1 +4<<8,1 Wkh Hyroxwlrq ri wkh Dluolqh Lqgxv0
wu|1 Wkh Eurrnlqjv Lqvwlwxwlrq1 Zdvklqjwrq/ G1F1
 UDLWK/ P1 +4<<9,1 D Jhqhudo Prgho ri Lqirupdwlrq Vkdulqj lq Roljrsro|1
Mrxuqdo ri Hfrqrplf Wkhru|1 Yro1 :4/ ss1 59305;;1
 UHLVV/ S1 DQG VSLOOHU/ S1 +4<;<,1 Frpshwlwlrq dqg Hqwu| lq Vpdoo Dluolqh
Pdunhwv1 Mrxuqdo ri Odz dqg Hfrqrplfv1 Yro1 65/ ss1 V4:<0v4351
 ULFKDUG/ M0I1 +4<<:,1 Vlpxodwlrq Whfkqltxhv/ fk 56 lq wkh Hfrqrphwulfv ri
Sdqho Gdwd/ d Kdqgerrn ri wkh Wkhru| zlwk Dssolfdwlrqv/ hglwhg e| O1 Pdw|dv
dqg S1 Vhyuhvwuh/ 5qg Hglwlrq/ Noxlyhu/ Ervwrq1
53 ULFKDUG/ R1 +5333,1 Ioljkw Iuhtxhqf| dqg Dooldqfhv lq wkh Dluolqh Lqgxvwu|1
Eudgoh| Srolf| Uhvhdufk Fhqwhu1 Xqlyhuvlw| ri Urfkhvwhu1
 VKDSLUR/ F1 +4<;9,1 H{fkdqjh ri Frvw Lqirupdwlrq lq Roljrsro|1 Uhylhz ri
Hfrqrplf Vwxglhv1 Yro1 86/ ss 76607791
 ]LY/ D1 +4<<6,1 Lqirupdwlrq Vkdulqj lq Roljrsro|= Wkh Wuxwk0Whoolqj Sureohp1
UDQG Mrxuqdo ri Hfrqrplfv1 Yro1 57/ ss1 78807981
Dsshqgl{
Wdeoh1 Wkh 433 Fklfdjr Pdunhwv lq Rxu Vdpsoh1
#






Markets with flights from
AA and UA
Miles # Markets with no flights Miles
1 Albuquerque, NM AA 1118 44 Albany, NY 723 84 Wilkes-Barre/Scranton, PA 631
2 Bloomington, IL AA 116 45 Austin, TX 972 85 Fresno, CA 1730
3 Champaign, IL AA 135 46 Kalamazoo, MI 122 86 Greensville, SC 577
4 Dubuque, IA AA 147 47 Hartford, CT 783 87 Bakersfield, CA 1732
5 El Paso, TX AA 1236 48 Buffalo, NY 473 88 Little Rock, AR 552
6 Evansville, IN AA 273 49 Iowa City, IA 196 89 Mobile, AL 779
7 Fargo, ND AA 557 50 Columbus, OH 296 90 Tri-City Airport, TN 481
8 Flint, MI AA 223 51 Wausau, WI 213 91 Chattanooga, TN 501
9 Lafayette, IN AA 119 52 Dayton, OH 240 92 Bridgeport, CT 767
10 La Crosse, WI AA 215 53 Washington National, DC 612 93 Baton Rouge, LA  810
11 Muskegon, MI AA 118 54 Des Moines, IA 299 94 Melbourne, FL. 1040
12 Rochester, MN AA 268 55 Sioux Falls, SD 462 95 Augusta, GA 677
13 Toledo, OH AA 214 56 Fort Wayne, IN 157 96 Beaumont/Pt. Arthur, TX 897
14 Tucson, AZ AA 1437 57 Green Bay, WI 174 97 Mc. Allen, TX 1238
15 Allentown, PA UA 654 58 Grand Rapids, MI 137 98 Daytona Beach, FL 962
16 Appletown, WI UA 160 59 Westchester County, NY 738 99 Santa Barbara, CA 1803
17 Bangor, ME UA 978 60 Indianapolis, IN 177 100 Youngstown, OH 378
18 Birmingham, AL UA 584 61 New-York Laguardia, NY 733
19 Boise, ID UA 1437 62 Kansas City, MO 403
20 Burlington, VT UA 763 63 Harrisburg, PA 594
21 Columbus, SC UA 666 64 Moline, IL 139
22 Akron/Canton, OH UA 344 65 Madison, WI 109
23 Charleston, SC UA 760 66 New Orleans, LA 837
24 Colorado Springs, CO UA 911 67 Oklahoma City, OK 693
25 Ft. Lauderdale, FL UA 1182 68 Omaha, NE 416
26 Spokane, WA UA 1498 69 Ontario, CA 1700
27 Greensboro, NC UA 590 70 Portland, OR 1739
28 Huntsville/Decatur, AL UA 510 71 Peoria, IL 130
29 New Haven, CT UA 778 72 Providence, RI 849
30 Wichita, KS UA 588 73 Rochester, NY 528
31 Jacksonville, FL. UA 865 74 San Diego, CA 1723
32 Lexington, KY UA 323 75 San Antonio, TX 1041
33 Lincoln, NE UA 466 76 Seattle/Tacoma, WA 1721
34 Saginaw, MI UA 222 77 San Jose, CA 1829
35 Manchester, NH UA 843 78 Sacramento, CA 1781
36 Oakland, CA UA 1835 79 Orange County, CA 1726
37 Norfolk/ VA Beach, VA UA 717 80 St. Louis, MO 258
38 Portland, ME UA 900 81 Syracuse, NY 607
39 Richmond/Wmbg. VA UA 642 82 Tampa/St. Petersburg, FL 1012
40 Fort Myers, FL UA 1120 83 Tulsa, OK 585
41 Savannah, GA UA 773
42 Louisville, KY UA 286
43 Knoxville, TN UA 475
54